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In the afterglow of 2015's Paris Agreement, nations of the world celebrated our global commitment to pursue reductions of greenhouse gas emissions and limit warming well below 2°C relative to pre-industrial times. Although the plans to reduce emissions (known as nationally determined contributions or NDCs) initially prepared in 2015 were insufficient to meet these goals, nations collectively pledged to adopt more ambitious NDCs on 5-year cycles. Finally, it seemed, the world was waking up to the threats of climate change.

Less than a year later, the necessary leadership on climate action was already eroding, best demonstrated by President Trump's announcement of his intention to withdraw from the celebrated compact in order to put "America first." Similarly, the enhanced ambition promised in Paris was failing to materialize in other parts of the world.

In 2018, a landmark report from the Intergovernmental Panel on Climate Change (IPCC) further emphasized the consequences of inaction. Climate impacts associated with 1.5°C of warming would be severe; should temperatures warm by 2°C, the impacts would be significantly worse. 1.5°C needed to be the target. Emissions needed to peak "yesterday" and be halved relative to 1990 levels by 2030. Net-zero emissions needed to be achieved by 2050. Mitigation pathways were outlined. The report was clear: rapid decarbonization was essential and possible.

The urgency of these conclusions stirred some nations and sparked a series of committments to net-zero carbon emissions in 2019; for example, the UK notably enshrined its 2050 target in law. Later that year, as the UN Climate Action Summit approached, UN Secretary-General António Guterres implored the nations of the world to accelerate their climate ambition, promising that 2020 would be a "year of action." All eyes turned to the renewed NDCs that would provide the mechanisms for meeting net-zero targets. The renewed NDCs were due ahead of the 26^th^ session of the Conference of the Parties (COP26), originally scheduled for November 2020. At the time of writing, amid the devastating impacts of the coronavirus disease 2019 (COVID-19) pandemic, only four parties to the UN Framework Convention on Climate Change have submitted their second NDCs.

We are now approaching the end of 2020, a year since the UN Climate Summit and 5 years since Paris. To date, according to the Race to Zero campaign, 449 cities, 21 regions, 995 companies, 505 organizations, 38 investors, and 120 countries have committed to achieving net-zero emissions in some form by or before 2050, but these collectively account for only 10% of global emissions. Big emitters such as the US and China are notable absentees. More concerning still is the lack of augmented NDCs.

Unfortunately, the "year of action" did not live up to expectations, and COP26 has been postponed. COVID-19, the latest symptom of our destructive impact on the environment, has taken center stage. As nations reel from the effects of the pandemic, many have delayed the submission of their NDCs (although some heavy emitters, including the US, Australia, and Russia, have disappointingly indicated that they will not be enhancing their ambition at all). Nations are generally taking stock of the virus's impact and determining the extent to which they are able to "build back better" and chase down carbon targets. As the host of the now 2021 COP26, the UK has been the subject of targeted criticism for its lack of leadership and failure to yet submit a revised NDC. It is argued that someone must take the lead, and who better than the COP26 host? Although hope of a UK submission before the end of 2020 remains, time is running out.
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As time passes and the lack of commitment to aggressive decarbonization continues, another debate, long twinned with climate mitigation, is gaining momentum. This pertains to the crutch upon which net-zero targets depend and the focus of this month's issue: negative-emissions technologies (NETs).

Attaining net-zero emissions by 2050 (or earlier) is most likely impossible without the active removal of carbon dioxide from the atmosphere. Every IPCC mitigation pathway associated with successfully limiting warming to 1.5°C assumes deployment of NETs (usually afforestation and bioenergy with carbon capture and storage \[BECCS\]) to some extent, as described in this issue's Primer by [Schweizer et al.](https://www.cell.com/one-earth/fulltext/S2590-3322(20)30364-X){#PC_linkGy8szTFFyP} on the role of NETs within integrated climate-change assessment scenarios. The deployment of NETs is designed to give us the time necessary to decarbonize society and to offset emissions from hard-to-abate sectors, such as industry, shipping, and aviation. But as emission-reduction deadlines approach and emissions fail to peak, an overshoot of the 2050 targets seems increasingly likely, and thus our dependence on these technologies grows.

Here lies the problem: deployable technologies at the required scales do not exist.

That is not to say that there are not working examples of NETs and nature-based equivalents, but numerous questions remain regarding their long-term stability, technological maturity, socio-economic viability, scalability, governance, and potential trade-offs with other systems.

Natural carbon sinks, such as forests and coastal ecosystems, can be preserved via conservation or enhanced through tree planting or the application of minerals, but these natural systems are susceptible to climate change and human development. A staggering 250 million metric tons of CO~2~ are thought to have been lost during 2019's Australian wildfires alone, and in this issue, [Lovelock and Reef](https://www.cell.com/one-earth/fulltext/S2590-3322(20)30354-7){#PC_linksqtu5FmBca} show that a further 3.4 Pg of sequestered blue carbon could be lost as a result of coastal squeezing (a combination of rising sea levels and development) by 2100. Mass tree-planting initiatives and engineered solutions such as BECCS require vast tracts of land, which could compromise food security, biodiversity conservation, and Indigenous and local peoples\' land rights. The impressive Climeworks facility in Iceland has demonstrated that direct extraction of CO~2~ from the air and conversion into rock are possible, but at a cost that currently makes large-scale deployment unrealistic. There are numerous other initiatives that are also unproved, untested, and under-researched. The expansion and deployment of NETs could also face considerable social and ethical barriers, as discussed in this month's Voices articles from the perspectives of [technology](https://www.cell.com/one-earth/fulltext/S2590-3322(20)30361-4){#PC_linkfC0PoQrMMX} and [mass tree planting](https://www.cell.com/one-earth/fulltext/S2590-3322(20)30352-3){#PC_linkr3cI9vdp52}.

Given these limitations, many feel that relying upon NETs to compensate for anything more than our residual emissions would be irresponsible. Others fear that the mere possibility of NETs will play a much more sinister role: providing vested interests with an excuse to delay ambitious near-term climate action, prolong the fossil-fueled status quo, and offset responsibility onto future generations. These are all valid concerns, but do we have a choice?

As noted by [Fuss et al.](https://www.cell.com/one-earth/fulltext/S2590-3322(20)30365-1){#PC_linkNUikdqHTmi} in their Commentary in this issue, the combination of more ambitious temperature targets and continued delay in stringent mitigation policy is increasing dependence on the removal of CO~2~ from the atmosphere. But NETs are nowhere near the level of implementation assumed in mitigation pathways consistent with 1.5°C. Although this reality might not sit well with some readers, it does not make it any less true.

Fuss et al. argue that efforts must be made to both drastically reduce emissions in the short term and promote a portfolio of carbon dioxide removal options for the longer term. They call for a broader alliance among the research disciplines and policy communities, industry, and the broader public to expand our knowledge (model and field based) of potential trade-offs and co-benefits; build the social licence to operate NETs; explore governance frameworks (which is discussed more fully by [Morrow et al.](https://www.cell.com/one-earth/fulltext/S2590-3322(20)30359-6){#PC_linkr05ruczt2h} in this issue) and potential commercialization pathways, which will differ among NETs; and finally, and perhaps most importantly, develop the mitigation policy framework within which NETs can successfully operate. In short, climate-change mitigation within the 2°C limits is an "all hands" effort that requires not only exceptional collaboration among scientific disciplines and sectors of society and industry but also unprecedented collaboration of international governments. As discussed in new research by [Fajardy and Mac Dowell](https://www.cell.com/one-earth/fulltext/S2590-3322(20)30358-4){#PC_linkF6PjcVLBFP}, equitable burden sharing and international collaboration among regions with different capabilities and responsibilities are necessary for realizing carbon dioxide removal in general and BECCS in particular.

Rapid decarbonization, the divorce of economic growth from resource extraction, and behavioral change are undoubtedly the only ways to ensure a sustainable and fair future for all, but have we delayed action for too long? Although the nations of the world could still surprise and submit ambitious NDCs based on green stimulus packages ahead of COP26, the current prognosis is not favorable. NETs could still be needed to successfully chase down the ambitious carbon targets necessary for avoiding dangerous climate change whether we like it or not. Research and perspectives featured in this issue contribute to the base of knowledge that we might increasingly need to draw upon in deploying NETs to effectively and equitably avoid the worst impacts of anthropogenic climate change in this century.
